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The complex absorbing potential method (CAP) to study the
Stark effect in hydrogen and lithium
Satyabrata Sahoo† and Y K Ho
Institute of Atomic and Molecular Sciences, Academia Sinica, PO Box 23-166, Taipei,
Taiwan-106, Republic of China
Received 25 November 1999, in final form 1 March 2000
Abstract. We present the complex absorbing potential (CAP) method to investigate the Stark
effect in hydrogen and lithium. The numerical technique as applied to calculations of Stark shifts and
widths yields an appealing, simple and powerful tool for the computation of resonance parameters
of the scattering processes. The feasibility and accuracy of the present method are demonstrated
by the numerical evidence of the Stark shifts and widths of H atom ground and excited states.
The results agree satisfactorily with the available results in the literature. Moreover, the method
provides unambiguous advantages over other existing methods for the calculation of resonance
parameters in a many-electron system and is illustrated for the low-lying states of the Li atom
under the influence of external DC electric fields. Some new results are reported.

1. Introduction
In recent years the complex absorbing potential (CAP) method has gained increasing
importance in the study of scattering theory [1–14]. The idea of using CAP in resonant
scattering processes was first conceived by Jolicard and Austin [1]. It was then used by
Kosloff and Kosloff [2] in the field of time-dependent wavepacket propagation to avoid artificial
boundary reflections in finite-grid or basis-set calculations. However, the first attempts to
describe resonance conditions for CAPs result from the work of Neuhauser and Baer [3] who
for the first time successfully used CAPs to solve realistic scattering problems. Subsequently,
many authors [4–14] have investigated the method to derive the optimal CAP parameters and
also to understand the essential structure of the CAP absorption. In particular, the CAP method
provides new insights as well as new computational techniques for locating resonance states
associated with complex energy poles of the S-matrix.
The CAP method introduces an artificial complex absorbing potential that absorbs the
wavefunction at the end of the grid and makes all the eigenfunctions L2 . This allows the use
of the standard variational method. Recently, Riss and Meyer [10–13] have made an extensive
study of the influence of an additional complex absorbing potential on the spectral properties
of Hamiltonian operators. Despite the fact that the CAP has been used by several authors
to determine resonance parameters in the case of different model potentials and molecular
systems, there have been few attempts to study the atomic resonances. In an attempt to
determine the feasibility of the CAP method in a real system we have applied the method
to study the Stark effect in the hydrogen atom [14]. Although exploratory calculations have
yielded encouraging results, this is not an enormous advantage in the case of the hydrogen
† Permanent address: Department of Physics, Raidighi College, Raidighi, South 24-parganas, West Bengal, India.
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atom, as there already exists a large number of methods suitable for finding the resonances in
a hydrogen atom under an external DC electric field. A more complex case is the resonance
calculation for the many-electron systems. It is the purpose of this paper to develop a convenient
computational formalism to go beyond the existing theories with regard to the Stark problem
in many-electron systems and, additionally, to present new results in this area.
From the theoretical point of view, Li in an electric field is one of the simplest nontrivial many-electron problems in scattering theory for which no exact analytic solutions
have been found so far. Although there is a lack of rigorous theoretical justification for
identifying the Stark case as an ordinary scattering problem, this does not prevent attempts, by
the application of numerical techniques to investigate atomic resonances, to find the shifted
and broadened Stark states. For the application of the existing techniques such as Feshbach
[15, 16], close coupling [17], stabilization [18, 19] and complex coordinate rotation (CR) [20],
etc, to such systems leads to conceptual or computational difficulties. For example, in the
Feshbach formalism the form of the projectors for systems of more than two electrons cannot
have been constructed properly, and in the close-coupling method the construction of the
coupled differential equation is very difficult. In the case of the CR method, the computational
technique develops its own difficulties so that the method loses its original attraction that
resonance parameters can be obtained by simple modifications of the existing bound state
energy calculational programs. On the other hand, as a relatively new technique, the CAP
method has recently revealed some applications [10, 14] of resonant scattering processes and
provides a simple direct approach to the calculation of energies and widths of resonance states.
As a first step, we demonstrate the feasibility and robustness of the CAP method by applying it
to a well discussed problem: the Stark effect in the H atom. Then we employ the CAP method
to study the Stark effect on low-lying bound states of the Li atom.
The paper is organized as follows. In section 2 we briefly review previous applications
of the CAP method in the case of the Stark effect in an H atom ground state, and then in
section 3 we describe the results of the present method in its application to the Stark effect in
the degenerate n = 2 sublevels of the hydrogen atom. An extension to the problem in the case
of the Li atom is discussed in section 4. Finally, the paper concludes with a short discussion
in section 5.

2. The Stark effect in the H atom ground state
Although the Stark problem has received almost continuous attention since the early work
of Schrödinger [21] and Oppenheimer [22], it still remains a classic example in terms of
developing the appropriate theory.
The Stark effect in the H atom ground state has been well investigated by several authors
[23–27]. Under the influence of an external field the bound states of the atom become quasibound and the electron will tunnel through the potential barrier formed by the combined effect
of the Coulomb and the electric field. As a result, the bound state energies become complex with
the real part representing the shifted resonance position and the imaginary part being related
to the lifetime of the quasi-bound state [27]. Many computational methods for the calculation
of Stark shifts and widths have been proposed so far for discussing the experimental fact that
quasi-discrete atomic states are obtained up to very high fields, and at lower fields seem to
have rather well defined energies.
For an arbitrary small field strength F, the spectrum of the Stark Hamiltonian
H Stark = H (0) + F r cos θ

(1)
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where
1
l(l + 1) 1
H (0) = − ∇ 2 +
−
2
2r 2
r

(2)

is the Coulomb Hamiltonian and θ is the angle between the radius vector and the field, has no
discrete eigenvalues, and a continuous spectrum running from −∞ to +∞. The fact is that
the Stark perturbation indeed changes the onsets of continua of the atomic Hamiltonian and
the bound states of the atomic Hamiltonian become resonances. As a result, the Stark effect
can be treated as a resonant scattering problem. In spite of the fact that the application of the
Stark field does not create an ordinary scattering problem, where it would always be possible
to define threshold energies unlike the Stark problem, the mathematical techniques used in the
resonant scattering problem would essentially allow identification of the complex eigenvalues
of H Stark for the Stark broadened and shifted states of H (0) .
In an attempt to determine whether or not the CAP method would provide a viable
computational procedure, we first performed calculations on the hydrogen atom ground state
[14] with an appropriate choice of the complex absorbing potential −iηr 6 leading to an effective
Hamiltonian of the Stark problem
H Stark (η) = H 0 (η) + F r cos θ

(3)

H 0 (η) = H 0 − iηr 6

(4)

where

and searched for the complex eigenvalue corresponding to the broadened and shifted 1s state.
Here, F is the electric field strength in atomic units with 1 au ≈ 5.142 × 109 V cm−1 . Using
the orthonormal Laguerre-type basis
φnlm (r) = Cnl r l+1 e−λr/2 Ln2l+2 (λr)Ylml (θ, ϕ)

(5)

where n = 0, 1, 2, . . . , N − 1, and Cnl is the normalization constant, standard matrix linear
variational calculations were carried out. N is the number of basis functions per l value.
Calculations have been performed as a function of N and lmax , with lmax being the maximum
angular momentum used in a given calculation. λ is taken to be 1.5 in the present calculation.
Although the CAP introduces an artificial perturbation to the system it can be shown that one
obtains the exact eigenvalues and eigenfunctions of the Siegert resonance state of H Stark in the
limit of η → 0 [10]. Using a finite basis set this is no longer possible because of basis set error.
Due to the fact that an incomplete basis set is used, one is, however, forced to use finite η values
and it is only possible to minimize the perturbation. Hence we adopt a stabilization method
[1, 10] to obtain an optimal value of η = ηopt , at which the total error becomes minimum
and the results are not obscured by the CAP perturbation. In order to determine the optimal
value of η, H (η) is diagonalized for a number of η values. The resulting eigenvalues can be
combined into families Ei (η) to obtain an η-trajectory in the complex energy plane, E(η) being
the exact energy eigenvalue of H (η). Then this η-trajectory
 dE  is examined by computing the
η  identifies the resonance state and
absolute value of η dE
.
The
pronounced
minimum
of
dη
dη
determines the optimal CAP strength ηopt . The eigenvalue Ei (ηopt ) obtained for this parameter
defines the closest approximation to the exact complex resonance energy. For the sake of
comparison of CAP results with those obtained by the most accurate calculations available in
the literature, we have applied the complex rotation method (CR) with N = 21 and lmax = 20.
Inspection of table 1 reveals that the CAP results are convincingly good in comparison with
those obtained using the CR method.
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Table 1. The complex eigenvalue representing the shifted and broadened 1s state of hydrogen as
a function of field strength.
Field (au)
F
0.025
0.050
0.075
0.100

CAP method
Er (au)
−0.501 429
−0.506 105
−0.515 258
−0.527 412

1
2

(au)

0.0017 × 10−7
0.3849 × 10−4
0.1502 × 10−2
0.7270 × 10−2

CR method
Er (au)
−0.501 429
−0.506 105
−0.515 257
−0.527 418

1
2

(au)

0.0017 × 10−7
0.3859 × 10−4
0.1502 × 10−2
0.7269 × 10−2

3. The Stark effect in the degenerate n = 2 sublevels of hydrogen
In this section, we present a more severe test of the CAP method to investigate the Stark effect
in the degenerate n = 2 sublevels of the hydrogen atom. Under the influence of the external
field the ml = ±1 subsets (i.e. 2px and 2py ) within the n = 2 manifold are not coupled to
one another or to the 2s state, as the Stark perturbation preserves ml . However, the Stark
perturbation allows the ml = 0 states (i.e. 2s and 2pz ) to be mixed with each other to make sp
hybrid orbitals 2s + 2pz and 2s − 2pz , accordingly. Due to the different directionality of the
hybrid orbitals with respect to the external field they would have different energy and width.
This phenomenon of the 2s ± 2pz splitting and different broadening is well documented in
the literature [28]. Although ml = ±1 subsets (i.e. 2px and 2py ) within the n = 2 manifold
couple to states with different n and therefore show a Stark shift as well, this paper does not
look for this effect. Here we have studied the linear Stark shift of sp hybrid states with ml = 0
only, and a rather distinct difference in the widths of these split states. The CR method [27]
is quite successful in this direction. Our interest lies, in fact, in applying the CAP method in
this area to establish the present method as a simple alternative with a view to making further
progress in the area of resonance calculations for many-electron systems.
We use the same basis set and the same CAP as above and perform a calculation to find the
spectral distribution of the effective Hamiltonian H Stark (η). In spherical coordinates H 0 (η)
is a block-diagonal matrix in this basis. When the field is turned on, the block with angular
momentum l is connected to the blocks with angular momenta (l±1) by the dipole-like coupling
of the field, resulting in a block-trigonal form of H Stark (η). For simplicity of calculation, each
block is assumed to have dimension N × N and the number of blocks has been restricted to
lmax + 1. To be more specific, the value of lmax has been fixed at N − 1 in this case. Thus the
dimension of the discretized H Stark (η) in the Laguerre-type basis becomes N 2 × N 2 in our
present calculation. The results of the direct application of the CAP method are summarized in
tables 2 and 3. Calculations have been performed as a function of N for λ = 1.0. Convergence
is then studied for each fixed value of F as a function of η and N . Inspection of table 2 reveals
that the CAP results for both the real and imaginary components of the resonance energy
oscillate about a mean value, and, in fact, they are slowly converging to the exact pole [14].
However, the size of the oscillation is very small compared with the spectroscopic accuracy
necessary in experiment. However, a satisfactory estimate of the resonance energy and width
has been carried out by taking the average over the oscillations and it is seen that the mean
value of the CAP results confirms prior expectation as to the width of the split states. Thus
the performance of the CAP method seems to be very satisfactory. The ηopt given in the last
column of table 2 are optimal values of η obtained by using the condition expressed in section 2.
In comparing with the results obtained by the CR method (shown in table 3), we observe that
the complex resonance energy and width obtained by the CAP method differ from the results
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Table 2. Convergence of the complex eigenvalue representing the shifted and broadened sp hybrid
states of the hydrogen atom in a field F = 0.005 au as a function of N = lmax + 1.
N
2s + 2pz

2s − 2pz

a

28
29
30
31
32
33

28
29
30
31
32
33

Er (au)

1
2

(au)

−0.142 619 37
−0.142 617 92
−0.142 619 24
−0.142 618 14
−0.142 618 95
−0.142 618 38

0.5325 × 10−4

−0.142 618 67a

0.5295 × 10−4

−0.112 061 968
−0.112 061 883
−0.112 061 960
−0.112 061 898
−0.112 061 940
−0.112 061 917

0.2885 × 10−5
0.2846 × 10−5
0.2896 × 10−5
0.2837 × 10−5
0.2906 × 10−5
0.2832 × 10−5

−0.112 061 928a

0.2867 × 10−5

0.5256 × 10−4
0.5341 × 10−4
0.5250 × 10−4
0.5360 × 10−4
0.5239 × 10−4

ηopt
0.35 × 10−13
0.25 × 10−13
0.25 × 10−13
0.25 × 10−13
0.15 × 10−13
0.15 × 10−13
0.25 × 10−13
0.25 × 10−13
0.25 × 10−13
0.15 × 10−13
0.25 × 10−13
0.15 × 10−13

Represents the mean value.

Table 3. The complex eigenvalue representing the shifted and broadened states of the hydrogen
atom as a function of field strength.
Field (au)
F

CAP method
Er (au)

1
2

(au)

CR method
Er (au)

1
2

(au)

2s + 2pz

0.0050
0.0075
0.0100

−0.142 619
−0.154 243
−0.166 093

0.5295 × 10−4
0.1547 × 10−2
0.5436 × 10−2

−0.142 619
−0.154 246
−0.166 094

0.5297 × 10−4
0.1544 × 10−2
0.5443 × 10−2

2s − 2pz

0.0050
0.0075
0.0100

−0.112 062
−0.107 440
−0.103 894

0.2867 × 10−5
0.2635 × 10−3
0.1638 × 10−2

−0.112 062
−0.107 445
−0.103 895

0.2865 × 10−5
0.2633 × 10−3
0.1640 × 10−2

obtained by the CR method by the order of 10−8 au for F = 0.005 au. The result agrees to
within the order of 10−5 au for F = 0.0075 au, and for F = 0.01 au it is also within the order
of 10−5 au. Thus the CAP results appear to be reasonably accurate.
4. The Stark effect in the Li atom
We are interested essentially in studying the feasibility of the CAP method in the case of
complex atoms. We have noted that the combination of matrix diagonalization and the use of a
complex absorbing potential provides a handsome alternative for calculations of energies and
widths for the resonance states. By application of the CAP method to the one-dimensional
model-potential problem of Bain et al [29], we have tested the results [14]. Results for the
test calculation is in excellent agreement with the available results in the literature [10, 29].
Then we have applied the CAP method to the Stark problem to investigate the feasibility
and accuracy of the present method for general applications [14]. The results are compared
favourably with others [23].
Encouraged by the success of the CAP method in resonance calculations of the onedimensional model-potential problem and of the Stark effect in the H atom ground and excited
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states, we move on to apply this method to study the Stark effect in the Li atom. Our interest in
such a study has been spurred on by the increasing importance of developing new computational
techniques in the area of resonance calculations for the many-electron systems to produce
fruitful results in atomic collision processes. However, the basic problem in this case is to find
an exact expression of the electrostatic potential for the outer electrons, which are generally
active in the collision processes. On the other hand, the use of a model potential, which includes
the average effect of the passive electrons, can produce a good approximation for the direct
and exchange potentials of the outer electrons with the core [30–33]. In the same way we
consider a suitable form of the average model potential Vm to represent the ‘1s2 + 1 electron’
states of the Li atom. A number of analytical model potentials have already been proposed in
the literature [30]. In the present calculation we use a simple model potential of the form
V (r) = −

Z
+ Vm (r)
r

(6)

with
2 2
(7)
− (1 + αr) e−2αr
r
r
describing the screening of the nucleus by the two 1s electrons. Z is the nuclear charge of the
Li atom and α is the parameter describing the effective charge of the 1s2 core. A qualitative
justification for such a choice of potential is well described in [33].
Here, we determine the parameter α by fitting the second lowest eigenvalue of the
Schrödinger equation
Vm (r) =

Hm  = E

(8)

1
Z
Hm = − ∇ 2 − + Vm (r)
2
r

(9)

where

to the experimental result [34] of the 2 S (1s2 2s) ground state energy (converted from the
ionization potential of the 2s electron [34]). The lowest eigenvalue is found to be associated
with the virtual state. The presence of such a state is entirely due to the model potential
adopted for the core ‘1s2 ’ and has no physical significance [33]. Using the orthonormal
Laguerre-type basis we find that the second lowest energy of the Li system calculated with
α = 1.6559, exactly reproduces the experimental result of the 2 S (1s2 2s) ground state energy.
Then, the corresponding model potential is used to calculate the energy of the excited states.
The results are displayed in table 4 for comparison with experimental results and some other
theoretical results. It can be observed that the differences between our calculated energies
and the experimental results are very small in all cases and are of the order of < 6 × 10−4 au.
It is also interesting to compare our results with some previous results found in the literature
[33–36]. In spite of the simplicity of this type of model potential and the use of an orthonormal
Laguerre-type basis, we find that our results are in similar or better agreement with the
experimental results compared with those obtained by others using different model potentials
and different basis sets. Thus our approach for a Li system with a Laguerre-type basis is sound
and it seems that further study of the Stark effect in this system will be worthwhile.
The Stark Hamiltonian for the Li system can be written in the general form
H Stark = Hm + F r cos θ.

(10)

The model Hamiltonian Hm for the Li system defined in equation (9) has been discussed above.
We observe that the fitted model potential correctly accounts for the bound state energies. So
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Table 4. Energies (E) for the 1s2 nl states of Li obtained with α = 0.165 59 and the Laguerre-type
basis in our approach compared with previous calculations and the experimental data.
E (au)
nl

Present
results

Expt
results [34]

2s
3s
4s
5s
6s

−0.198 14
−0.074 31
−0.038 68
−0.023 67
−0.015 96

−0.198 14
−0.074 18
−0.038 62
−0.023 64
−0.015 94

0.000 00
0.000 13
0.000 06
0.000 03
0.000 02

−0.198 14
−0.074 35
−0.038 70
−0.023 69
−0.015 97

−0.198 15
−0.074 19
−0.038 62
−0.023 64
−0.015 95

−0.198 09
−0.074 17
−0.038 61
−0.023 64

2p
3p
4p
5p
6p

−0.129 93
−0.057 20
−0.031 97
−0.020 37
−0.014 11

−0.130 24
−0.057 24
−0.031 97
−0.020 37
−0.014 11

0.000 31
0.000 04
0.000 00
0.000 00
0.000 00

−0.130 16
−0.057 28
−0.031 99
−0.020 39
−0.014 12

−0.130 20
−0.057 23
−0.031 98
−0.020 38
−0.014 11

−0.130 05
−0.057 17
−0.031 95
−0.020 36

3d
4d
5d
6d

−0.055 57
−0.031 26
−0.020 01
−0.013 89

−0.055 61
−0.031 27
−0.020 01
−0.013 90

0.000 04
0.000 01
0.000 00
0.000 01

−0.055 58
−0.031 26
−0.020 01
−0.013 89

−0.055 62
−0.031 28
−0.020 02

−0.055 61
−0.031 28
−0.020 01

|!E|

Bachau et al [33]

Laughlin and
Victor [35]

Moore et al [36]

far there seems to be not much activity in the investigation of electric field effects on the lowlying states of Li, because of the computational difficulties arising out of the existing methods
for calculating the resonance parameters in this system.
Here, we employ the CAP method, with a view to benefitting from its advantages over
the other existing methods, to study the Stark effect in the Li atom leading to an effective
Hamiltonian
H Stark (η) = H Stark − iηW (r).

(11)

Choosing the same absorbing potential W (r) = r 6 as in the case of the H atom, calculations
have been performed in a configuration basis built from the basis set of Laguerre-type orbitals
given in equation (5). A complex eigenvalue problem will then be solved by diagonalizing the
complex Hamiltonian
  Stark  
 H
(η)
E(η) =
= Er − i 21 
(12)
|
and the resonance eigenvalue would lead to the resonance position Er and the resonance width
.
We focus our attention on the lowest S and P states of Li. These two states are separated
by about 1.85 eV, a huge separation from the perturbation point of view. To obtain the spectral
distribution of the effective Hamiltonian we perform calculations with N = 30, with lmax
ranging from 20 to 29 and λ = 1.0. The complex eigenvalues that represent the resonance
states are found to have an η dependence and we obtain the η-trajectory of the resonant
eigenvalue in the complex energy plane. Figure 1 shows the η-trajectory for the 2S state
under the influence of an external field with a strength of F = 0.0035 au, using a basis set
of dimension N 2 × (lmax + 1)2 with N =30 and lmax = 29. The complex resonance energy
 is minimum. We obtain Er = −0.199 143 55 au
is determined at the position where η dE
dη
1
−8
and 2  = 0.541 × 10 au at ηopt = 0.65 × 10−14 . We repeat the procedure for a different
lmax , with lmax ranging from 24 to 29. The results are shown in table 5, together with the
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Figure 1. An η-trajectory of the resonant eigenvalue E(η) in the complex energy plane for Li (2S)
in the external electric field F = 0.0035 au using a basis set of dimension N × (lmax + 1) with
N = 30 and lmax =29. The bold arrow shown in the figure indicates the location of the resonance


−15 .
pole where η dE(η)
dη  is minimum. Next to some resonant poles are the η values in units of 10
The η values for the plotted points are growing uniformly from 3 × 10−15 to 2 × 10−14 with a
regular interval of 10−15 .
Table 5. Convergence of the complex eigenvalue representing the shifted and broadened 2S state
of lithium in a field F = 0.0035 au as a function of lmax with N = 30.
 −8

1
lmax
Er (au)
× au
ηopt
2  10
24
25
26
27
28
29

a

−0.199 143 55
−0.199 143 55
−0.199 143 55
−0.199 143 55
−0.199 143 55
−0.199 143 55

0.531
0.522
0.570
0.556
0.531
0.538

−0.199 143 55a

0.541

0.15 × 10−13
0.65 × 10−13
0.15 × 10−13
0.15 × 10−13
0.95 × 10−14
0.65 × 10−14

Represents the mean value.

average value. Calculations have been performed for different values of field strength in the
range from 0.0025–0.0175 au. Tables 6 and 7 summarize their results for the 2S and 2P states,
respectively. Figure 2 shows our results for the electric field effect on the energies of the 2S
and 2P states. It indicates that the resonance energies for these two states are shifted downward
by the external electric field, exhibiting the quadratic effect. Figure 3 shows the field effects
on the autoionization widths for the 2S and 2P states. Due to the numerical uncertainties of
calculating extremely narrow widths at the low-field region, no attempt is made in this paper
to investigate the field effects on such states for field strengths weaker than 0.0025 au. In
general, for increasing field strength, the electron would take a shorter time to tunnel out of the
potential barrier formed from the combined atomic potential and the external field, resulting
in a broader width. It is seen that for the 2P state (figure 3), the autoionization width increases

CAP method to study the Stark effect in H and Li
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Table 6. The complex eigenvalue representing the shifted and broadened lowest 2S state of lithium
as a function of field strength.
F (au)
0.002 50
0.003 00
0.003 50
0.004 00
0.004 50
0.005 00
0.005 50
0.006 00
0.006 25
0.006 50
0.006 75
0.007 00
0.007 50
0.008 00
0.009 00
0.010 00
0.012 50
0.015 00
0.017 50

Er (au)

1
2

−0.198 652 49
−0.198 877 52
−0.199 143 55
−0.199 450 63
−0.199 798 90
−0.200 188 51
−0.200 619 70
−0.201 092 85
−0.201 345 31
−0.201 608 47
−0.201 882 41
−0.202 167 25
−0.202 770 26
−0.203 419 04
−0.204 861 50
−0.206 508 54
−0.211 547 61
−0.217 542 82
−0.223 967 74

(au)

0.307 × 10−8
0.409 × 10−8
0.541 × 10−8
0.646 × 10−8
0.707 × 10−8
0.720 × 10−8
0.745 × 10−8
0.885 × 10−8
0.116 × 10−7
0.314 × 10−7
0.807 × 10−7
0.161 × 10−6
0.483 × 10−6
0.148 × 10−5
0.105 × 10−4
0.477 × 10−4
0.468 × 10−3
0.176 × 10−2
0.406 × 10−2

Table 7. The complex eigenvalue representing the shifted and broadened lowest 2P state (with
m = 0) of lithium as a function of field strength.
F (au)

Er (au)

0.0025
0.0030
0.0035
0.0040
0.0045
0.0050
0.0060
0.0070
0.0075

−0.130 373
−0.130 598
−0.130 896
−0.131 299
−0.131 856
−0.132 599
−0.134 514
−0.136 287
−0.137 198

1
2

(au)

0.427 × 10−9
0.183 × 10−7
0.552 × 10−6
0.780 × 10−5
0.520 × 10−4
0.215 × 10−3
0.131 × 10−2
0.379 × 10−2
0.538 × 10−2

exponentially for increasing electric field strength. This behaviour is very similar to the field
effect on a hydrogenic system. As for the 2S state (figure 3), it is seen that the width is first
increased slowly as the external field is increased from F = 0.0025 au to F = 0.006 au
approximately. After that, the width starts to increase exponentially as the field strength is
further increased. Our findings indicate that Li in its 2S state is a highly correlated atomic
system. Before the field strength reaches the critical value of 0.006 au, the field is not strong
enough to break the correlation bonding between the electrons and, as such, the autoionization
rate would only increase slowly. After the field reaches the critical strength and becomes
strong enough to break the correlation bonding between the electrons, the autoionization of
the electron would be very like the one-electron hydrogenic case, and the width would increase
exponentially as the field is increased further. It is hoped that our present findings will stimulate
further experimental and theoretical investigations to study such interesting phenomena.
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Figure 2. The electric field effects on the Stark shifts of the 2S and the 2P (m = 0 component)
states of lithium.

Figure 3. The electric field effects on the Stark widths for the 2S and the 2P (m = 0 component)
states of lithium.

5. Summary
The present approach to the calculation of resonances is based on the simple observation that
the complex absorbing potential is principally independent of the unperturbed Hamiltonian
and that they can be treated separately in the CAP procedure. This great advantage over the
other existing methods motivates us to extend the method to the treatment of complex atoms
and molecules. This method introduces an artificial perturbation of the system to prevent

CAP method to study the Stark effect in H and Li
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an unlimited movement of the scattering wavefunctions. It is thus necessary to prevent such
unlimited movement since only finite basis sets or grids are available in practical calculations.
On the other hand, in a finite basis set calculation when a wavepacket approaches the edge of
a numerical grid, artificial reflections occur and the quality of the computed solutions quickly
deteriorates. A suitable choice of CAP attenuates the asymptotic part of the wavepacket and
hence suppresses the reflection. As a result, the wavefunction becomes square integrable and
the spectrum becomes discrete, reducing the problem to a Hilbert space one. In addition, the
CAP method has the same advantage as the CR method in that the resonance positions and
widths can be determined by straightforward eigenvalue calculations without the imposition of
the usual scattering boundary conditions. Thus the combination of matrix diagonalization and
the use of a complex absorbing potential provides a handsome alternative for the calculation
of energies and widths of the resonance states. Due to the artificial nature of the CAP it is
necessary that the results are not obscured by the CAP artefact. For this a stabilization method
was proposed by Jolicard and Austin [1] and was later substantiated by Riss and Meyer [10].
The principle has been tested by application to the Stark effect in the H atom. The results
are found to be convincingly good in comparison with the available results in the literature.
Therefore we have extended our approach to study the Stark effect in the Li atom. We have
predicted interesting results for the electric field effects on the low-lying states of this system.
In addition, the theoretical method we have used for H and Li may well turn out to be an
effective computational technique for other many-electron systems.
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Note added in proof. While this paper was in press, we came across a recent reference [37] related to the field-induced
tunnelling rates of Li low-lying states. Our autoionization widths agree qualitatively with their results when  is
plotted on a log scale with F , except for the 2S state in the weak field region (F < 0.006 au). Also, our numerical
results for  differ systematically from those of [37]. A possible reason for such discrepancy is as follows: since
in our calculations we have used a large number of bases (N = 30 and lmax = 29), the possible contribution to the
autoionization widths from the higher-lying states is taken care of, whereas in [37], the authors truncated the basis at
N = 10 and N = 5 for their P and Q space wavefunctions, respectively.
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